This paper describes a correlation between the cellular changes in the amniotic fluid and fcetal maturity in normal and abnormal pregnancies, in pregnancies where the dates have been certain, and in those where they have been in doubt. Prenatal assessment has been helped by the use of other techniques such as radiology (Brosens et al. 1969 ) and biochemistry (Lind 1970 , Lind et al. 1969 ), but we have concerned ourselves mainly with cytology.
Little cytological work had been attempted in this field until Kittrich (1963) reported his method fordiagnosing ruptured membranes (Van Leeuwen et al. 1965) . He used nile blue sulphate to detect foetal skin cells in vaginal fluid. This dye stains the neutral lipid-laden cell clusters a bright orange colour. Brosens & Gordon took this further, staining the cells aspirated at amniocentesis to assess foetal maturity (Brosens & Gordon 1965 , Gordon & Brosens 1967 . Others have since used this technique (Bishop & Carson 1968 , Sharp 1968 , Votta et al. 1968 , Floyd 1969 , White et al. 1969 , Barnett & Nevin 1970 .
The aims of the present study were: (1) To determine the validity and accuracy of cytology in assessing fe2tal maturity and health.
(2) To define the usefulness of cytology in clinical management.
'Cytologists and obstetricians should address reprint requests to Dr Husain, and pediatricians to Dr Sinclair (3) To locate the sites of origin of the cells found in amniotic fluid.
Materials andMethods
Amniotic fluid was examined macroscopically for evidence of turbidity or discrete particles. The fluid and scrapings of skin from the axillae, groins, trunks, limbs and buccal and vulval mucosae of newborn infants were also stained, in most cases with nile blue sulphate; hmmatoxylin and eosin, and Papanicolaou stains were also used on some specimens.
A randomly selected series of mothers and infants who came under the care of the obstetric and pediatric departments of the Chelsea and Kensington Hospital Group during 1969 and 1970 was studied. In one assessment series only mothers with a known length of gestation were included. Neonatal assessment was undertaken by a combination of the methods used by Farr et al. (1966) and Robinson (1966) . Consideration was also given to the length of the infant's nails, weight/ length ratio and skull circumference in the diagnosis of dysmaturity.
Infants were assessed at birth and within twenty-four hours afterwards. The estimated maturity at the time of amniocentesis was calculated by subtracting the time between amniocentesis and birth from the clinical maturity at birth.
Cells ofAmniotic Fluid
The four types of cell found in the amniotic fluid after nile blue sulphate staining are the parabasal, the blue intermediate, the anucleated blue squamous cell and the anucleated orange-staining cell (Fig 1) .
(1) The parabasal cell is a rounded cell of 20-40 pm diameter with a discrete margin and denselystaining cytoplasm. There is a darkly-staining centrally placed nucleus 7-12 pm in diameter. (2) The nucleated intermediate squamous cell is a large, flat cell 35-65 urm in diameter with an angular contour, a pale blue, finely granular cytoplasm and a 5 5-10O5 pm nucleus.
(3) The anucleated blue squamous cell is a thin, angular plaque of cytoplasm similar in size to the intermediate squame.
(4) The anucleated squamous orange cell is smaller, ranging from 23 to 64 um in diameter, and even more angular. It is believed to be derived from the sebaceous apparatus. These cells tend to appear in clusters, staining orange, though often orange-staining material appears to be situated around rather than in the cell. The cytoplasm may remain unstained.
Results
Fig 2 shows the changes in concentration of cells stained by nile blue sulphate at various stages in pregnancy. The parabasal cells appear relatively in highest concentration in early pregnancy and diminish towards its end. The blue nucleated intermediate cells show a fairly high concentration which tends to diminish after the 37th or 38th week. The anucleated blue cells show a concentration ranging from 2 % to 20% which is maintained with some scatter up to term. The anucleated orange cells, which have received most attention and seem to be the most valuable and useful parameter, appear rarely before the 30th week and increase in numbers rapidly until well after term. However, there is a wider and wider scatter as postmaturity is reached.
Clinical Uses ofthe Technique Gordon & Brosens (1967) Section ofPa?diatrics This appears to have been a good guide in general, but other workers have encountered difficulties in interpretation. In particular, some have reported unexpectedly low counts or none at all in late pregnancy (Chan et al. 1969 , Sharma & Trussell 1970 . We have also used other criteria to provide additional evidence of maturity. These are: (1) the presence of clusters of cells;
(2) vernix; (3) flakes; and (4) free orange-staining lipid globules (Sharma & Trussell 1970) . The size of the clusters of orange-stained cells, which increases as pregnancy progresses (Fig 3) , should be used as well. In early pregnancy clusters are small, but in late pregnancy they increase in size considerably. We believe that a relatively low count found by some observers in late pregnancy may be due to one of three factors: (1) that because they are in large clusters some orange cells have not been counted; (2) that a batch of stain may have been inactive; or (3) that the cells have been stripped of their lipid coating, the flakes remaining unstained.
We also assessed the turbidity of the amniotic fluid, which usually becomes opaque at about 36 weeks and thereafter is distinctly opalescent. 
Our results did confirm t ing the percentage of or group of some 90 moth( age was certain, we p percentage of orange-sta the pattern shown in Fi some variation, and som 5-1 nancy show relatively high counts. In this group he usefulness of measurwere 3 babies who died and 8 infants who were ange-staining cells. In a small for dates and whose mothers had preers in whom gestational eclamptic toxaemia. lotted this against the To bring out the points shown in Figs 4 and 5, ining cells and obtained for our definition of intrauterine growth retardaig 4. There seems to be tion we have deliberately chosen the rigid criterion Le patients in early preg-of being less than 2 s.d. below the mean weight for age. It will be seen that, despite limited intrauterine growth, the maturity of the infant falls N within the scatter of infants who were not affected. There also seems to be no significant difference when the maturity estimated at birth is used as D another parameter. The Rank Correlation Coefficient for gestational age versus percentage CELLS of orange-staining cells was -0-48 (P<0-1). The ... Rank Correlation Coefficient for estimated ma-9 @F turity versus percentage of orange-staining cells e * . *: was 0 01 <P<0 05 ( Fig 5) . These results confirm D *. "the usefulness of cytology in the diagnosis of maturity when the obstetrician notes that the size of the uterus is unusually small for dates. Eighteen mothers were uncertain of their dates. OS. F.D.
The assessment of maturity by cytology seems to D% W.DEATH have been accurate to within one or two weeks in all of them but overall assessment was also assisted -' ' by biochemical and radiological investigations. Papanicolaou stains assessed as being 38 weeks or more. The infant was assessed at 40 weeks when bom two weeks after the amniocentesis, so that the cytological assessment seems to have been correct. This reinforces the suggestion that it is not just the percentage of orange-staining cells present but the size of the clusters which must be considered in the evaluation of maturity.
Death in Utero
Four foetuses died in utero but there is insufficient information on one. Cytological assessment was inappropriate and indicated a more mature infant than detected by the obstetrician. This suggests that there is either continued development of the skin and sebaceous apparatus after ,death, or continued debridement from it, or both. This was particularly true in one foetus which had ,a cytological maturity of 38 weeks but after death was estimated by bone age, extemal characteristics and size to be of 32-34 weeks gestation. *Postmaturity Cytology is useful in the estimation of maturity but by the methods we used it is difficult to correlate it with the clinical assessment ofpostmaturity. Of 22 patients found to be postmature clinically, only 11 were definitely diagnosed as such cytologically.
,Site ofOrigin ofCells Found
Until the 20th week the foetal skin is three or four cells thick and acts as diffusion membrane. Between the 24th and 28th weeks stratification of the epidermis develops. It then begins to exfoliate, and the hardy squamous cells are shed and accumulate in the amniotic fluid. Some are trapped in the vernix, which has begun to develop at this stage, and some released. Our impression from total counts of concentrations of cells in the amniotic fluid (using millipore membranes) is that there is a very marked increase, from ten-to forty-fold, as pregnancy progresses.
Most workers seem to have concentrated on the skin as the possible source of these cells. Orangestaining cells are generally assumed to come from the sebaceous glands especially those of the axilla and groin. The pale, anucleated cells may come from other cutaneous sites. But from examining the skin scrapes of 48 infants of known maturities we noted that the vast majority of cells found in the skin and on the vernix were anucleated squames, only 1-2 % of nucleated cells being present. On the other hand, nucleated 'intermediate' cells were present in very high concentration in buccal and vulval scrapes where there were only occasional anucleated cells.
We know already that these nucleated blue cells form a very high proportion of those normally found in amniotic fluid, and we therefore think that, since they also seem to increase towards term, they must come from the infant. The buccal mucosa and genito-urinary tract may well be significant sources. There is in fact a marked cytological similarity between the nucleated cells on the buccal mucosa and those found in amniotic fluid (Fig 6) , and we feel that these nucleated blue cells may well come from such sites.
After a study of scrape smears and sections of the amnion we have dismissed the idea that many of the cells come from this area. This was considered a possibility by Wachtel et al. (1969) who noted the development of a columnar type of cell in the folds of the amnion from the normally flattened cell type. However, it is known that the amnion sometimes produces a stratified 52 53 Section ofPediatrics 1217 squamous appearance with cornification; in this context these cells would be indistinguishable from skin squames. The other study that we have found of interest has been the estimation of the size of clusters found in various stages of gestation and maturity in scrapings taken from the skin of the axillw of infants. This is a very difficult and subjective test but it is our impression that as the infant matures the size of these clusters increases, apparently to a maximum in postmaturity. We therefore feel that not only the numbers and types of cells, but also their development into sheets and clusters, together with the presence of flecks of debris and globules, are important parameters in assessing maturity.
